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The reaction of tellurium(W) oxide with concen- 
trated hydrochloric acid gives a solution from which 
(Ph&),TeC7, may be precipitated. This material 
has “‘Te Miissbauer parameters which suggest that 
the anion may be distorted towards CSv symmetry. 
By contrast the hexabromotellurate and the hexa- 
chlorotellurate formed when a benzene solution of 
TeC14 is treated with PhJsc1 are ‘normal: 

TGA studies show that the ammonium and tetra- 
methyl ammonium hexachloro- and hexabromo- 
tellurates decompose more or less cleanly to tellurium 
tetrahalide and ammonium halide. The decomposi- 
tion of the tetraphenylarsonium salts is more com- 
plex. 

Introduction 

The demonstration, by X-ray crystallographic 
examination of a number of hexahalotellurate(IV) 
salts e.g. (pyH)2TeCl, [l] , K2TeBr6 [2], (NH4)2 
TeBr, [3], Cs2TeBr6 [3] and K2Te16 [4], that the 
complex anions have regular octahedral symmetry 
established these materials as exceptions to the 
Valence Shell Electron Pair Repulsion (VSEPR) 
theory [5]. Das and Brown [6] recognised a low 
temperature tetragonal phase of (NH4)2TeBr6 derived 
from the high temperature cubic phase by rotation 
of the anions a few degrees about the [OOl] direc- 
tion. Although the space group (P4/mnc) requires 
TeBri- to have not more than & symmetry, the 
authors considered that the 0, symmetry was 
retained. Nuclear quadrupole resonance (nqr) spectro- 
scopy can be extremely sensitive for the detection 
of crystallographically distinct halogens. Bull and 
Welsh [7] examined the nqr spectra of isomorphous 
trios of Tea:, SnCli- and PbClz- salts in which the 
cation was unsymmetrical e.g. pyridinium. Contrary 
to simple expectation, the hexahalostannate(IV) 
salts showed the greatest sensitivity to cation effects 

and no evidence for measurable distortion of the 
hexachlorotellurate(IV) anion was found. 

A recent investigation [8] of (NMe4)2TeBr6, 
which is known to undergo phase transitions at lower 
temperatures (but which shows a single 79Br nqr 
frequency at 80 K [9]), has indicated that the room 
temperature structure may not be quite that of K2- 
PtC16 and that there may be a slight flattening of the 
octahedron along a Cs axis. 

The stereochemical inertness of the lone pair of 
electrons may be explained in various ways. A molec- 
ular orbital view [lo] places the 5s’ electron pair in 
an antibonding alg level. An often quoted rationalisa- 
tion of the regular structure for TeXb(X = Cl, Br, I) 
is that inter ligand repulsive forces constrain the lone 
pair to occupy an orbital of high s character when 
the halogen ligand is larger than fluoride [ll] . 
Donaldson and Silver [ 121 hzure suggested that the 
intense colour of salts of TeXz-may be attributed to 
the population of conduction bands in the solid, 
thus when the 5s’ pair plays no steric role, electron 
density may be forced into conduction bands which 
probably involve halogen d orbitals. 

We initially became interested in hexachloro- and 
hexabromotellurates(IV) when considering alternative 
synthetic routes to TeC14 and TeBr4. Thus we began 
to investigate a range of salts by TGA. Since the 
cation size was varied from NHf to Ph4As*, we felt 
it would be of interest to investigate the lzsTe 
Miissbauer chemical isomer shift (6) as a function of 
cation size arguing simplistically that the very large 
cations might increase the separation of the anions 
and thereby reduce the population of conduction 
bands. In MGssbauer terms, given that AR/R is posi- 
tive for “‘Te, 6 should become more positive 
as the cation size is increased. In the event little varia- 
tion was seen but one compound [Ph4As12 [TeC&] 
prepared from Te02 and concentrated hydrogen 
chloride provided data of interest which constitute 
the major justification for this paper. 
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TABLE I. Results of TGA Studies on Hexachloro- and Hexabromotellurate(IV) Salts. (The molecular mass of fragments lost is 
interpreted in terms of the most plausible molecular species). 

215°C-3500C 

WH412WAI -- 2[NH4]Cl(s) + TeQ(g)t 

240°C-36O'C 

[NH412[TeBr61 - (2 - n)[ NH41 Br(s) + n [ NH41 Br(g)t + TeBq(g)l 

260°C-3050C 

P%NI2W%1 - 2[EtdN]Cl(s) + TeClJ(g)t 

240°C-340% 

PSNl2(TeBr61 F (2 - n)[EtJN]Br(s) + n[EtdN]Br(g)t + TeBrq(g)t 

PhzTeCl2(s) + C12(g)t + 2Ph3As(g)f 

lOO"C-150°C 
[PhbAs]* [TeBrh] - PhsAs(s) + [Ph4As] [TeBrs] + PhBr(g)t 

TABLE II. Raman Data for Some Hexahalotellurate Salts. He-Ne Laser Excitation, Au in cm-‘. 

Phenyl t ~l(Alg) vz(Eg) v3(Tzg) 

[Ph&l2 [Tea6 1 240 285 270 

[Ph&l p[TeBrhl 238 170 150 

W4]2[Te%] 300 250 145 

[NH4 I 2 [Te% 1 180 155 85 

I%Nl2 [Tea61 285 245 130 

FW’Jl2P’~Jhl 170 152 

Experimental and Results 

Three pairs of hexahalotellurate(IV) salts were 
prepared: [NH,,] 2 [Te&],[&N] 2 [TeX6] and [Ph4- 
AsI [TeX,] (X = Cl, Br). The general method of 
preparation was to dissolve tellurium(IV) oxide 
(2.0 g) in concentrated hydrochloric acid (10 ml) 
or hydrobromic acid (20 ml, 40%) and to treat the 
resulting solution with the stoicheiometric amount 
of the appropriate quaternary salt. [Ph4As12 [TeC14] 
was also prepared by treating a dry benzene solution 
of TeC14 with the stoicheiometric quantity of [Ph4- 
As] Cl. The compounds gave satisfactory elemental 
analysis. 

Thermogravimetric analysis of the compounds was 
carried out in air using a Stanton Redcroft Thermo- 
balance (TR decimilIigram model). Good reproduci- 
bility was possible for samples from different prepara- 
tions of the salts using a heating rate of 10 deg. 
min-’ . Loss of particular volatile fragment often 
occurred over a relatively wide temperature range, 
and, in some cases, two processes clearly overlapped 
over part of the temperature range. The results are 
best presented in the form of annotated equations 
which constitute Table I. We were able to sublime 
TeC14 onto a cold finger by heating [NH412 [TeC16] 

at 260 “C under reduced pressure, thus demonstrating 
a convenient synthetic route from the cheaper 
Te02 to TeC14. 

X-ray powder diffraction studies further 
confirmed the identity of the ammonium and tetra- 
ethylammonium salts. The data also excluded the 
inclusion of significant quantities of other tellurium 
compounds such as TeOz or R[TeX5] (which can 
sometimes be formed via a similar preparative route). 
The data for [Ph4As]2[TeC16] prepared from Te02 
in HCl and from TeC14 in benzene were different 
(Table II). The X-ray data were obtained with a 
Jeol JDX 7S X-ray diffractometer using Cu-K, 
as a source. 

Raman spectra were obtained with a Cary 81 
instrument using He/Ne laser excitation. The spectra 
of the ammonium and tetraethylammonium salts are 
in excellent agreement with those published in a 
number of recent studies [13-161. Unlike Adams 
and Morris [ 131 we did manage to obtain good 
Raman spectra of the tetraphenylarsonium salts 
which are of some interest. We therefore tabulate this 
data in Table II. 

12’Te Mksbauer spectra were obtained as 
previously described [ 171. In agreement with typical 
literature data [18, 191 no variation in 6 was noted 
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]NH412]Te%l 

]EWl2]TeCLsl 

[Ph,+s]s [TeC1, ] (from Te02) 

[Ph4As12 [TeCl,s ] (from TeCl4) 

]NH412]TeBre] 

IEt4Nl2 [TeBre] 

lPh4sl2 l-t-r61 

a* 0.03 mm set -l, vs. I/Cu; b* 0.03 mm set-‘. 

6’ (mm set-t) Ab (mm see-’ ) 

1.73 0.0 

1.74 0.0 

1.43 0.0 

1.74 0.0 

1.59 0.0 

1.47 0.0 

1.57 0.0 

11 10 f 
_ 

Fig. 1. ‘d’ Values comparison of bis(tetraphenylarsonium)hexachlorotellurate(IV). - made from TeCl4, - - - made from 
Te02. 

as the cation was changed, until Ph4As+ was introd- 
uced. A significantly less positive chemical isomer 
shift was obtained when [Ph4As12[TeC16] prepared 
from TeOJHCl was investigated. However, the speci- 
men prepared from TeC14 in benzene gave a value of 
6 in line with the other data. In no case was a quadru- 
pole splitting resolvable. The data are given in Table 
III. 

Discussion 

TGA Data 
The results are generally unremarkable for the 

ammonium and tetraethylammonium salts. Thermal 
decomposition of the hexachlorides is more clearly 
defined than for the tetrabromides and sublimation 
of TeC14 from [NH412 [TeC16] would appear to be 
a reasonable synthetic route to the tetrachloride using 
Te02 as starting material. The tetraphenylarsonium 
salts clearly decompose in a different manner and 
breakdown of Ph4As+ appears to occur. The reactions 
are, however, of no synthetic use. 

Anomdous Nature of [ph&] 2 [Tea61 
Adams and Morris [13] obtained infra-red data 

for a specimen of [PbAs], [TeC16] and observed 
extra bands which they considered to originate from 
an anion of symmetry less than 0,-C,, was sug- 
gested. We have succeeded in obtaining a Raman spec- 
trum of this compound and can confirm that the 
extra bands observed by Adams do indeed appear 
in the Raman spectrum. The Raman spectra of the 
other specimens are in excellent agreement with the 
several literature reports. 

“‘Te Mossbauer data also show [PheAs] 2 [TeCle] 
(but not the bromide) to be anomalous in the sense 
that a significantly less positive chemical isomer shift, 
compared to the ammonium and tetraethyl- 
ammonium salts, is seen. We believe that this is the 
first time accurate data have been obtained for the 
tetraphenylarsonium salt although one measure- 
ment with a large experimental error is reported 

WI. 
In the case of the hexabromotellurates and the 

ammonium and tetraethylammonium hexachloro- 
tellurates, 6 was insensitive to cation size thus tending 
to confirm trends noted in literature data. Interes- 
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tingly enough, a specimen of [Ph,As] [TeCi,] prepar- 
ed from the treatment of a benzene solution of tellu- 
rium tetrachloride with tetraphenylarsonium 
chloride, gave a Mossbauer spectrum with 6 = 1.74 
mm set-‘. X-Ray powder photographs for the two 
specimens were compared and significant differences 
noted (Fig. l), thus it is postulated that this material 
may exist in at least two polymorphic forms in one 
of which the hexachlorotellurate anion is slightly 
distorted from 0, to Cs, symmetry. In the lower 
symmetry case the lone pair of electrons is probably 
located in an orbital of some directional character 
(e.g. directed to the centre of a triangular face of the 
octahedron thereby causing the distortion to CaV 
symmetry). This would imply less s electron density 
at tellurium and is thus consistent with the less posi- 
tive chemical isomer shift observed for the 
supposedly lower symmetry case. An objection to the 
above argument is that no quadrupole splitting is 
resolved for [Ph,As] z [TeCl,] prepared from acid 
media, nor is the line width abnormally large. The 
natural line width of the tellurium resonance line 
is fairly large (5.0 mm set-‘) and it may be that a 
very small quadrupole splitting could go undetected. 
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